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Executive Summary

This Feasibility Study (FS) report was prepared by CH2M HILL under the Department of the Navy (Navy), Naval
Facilities Engineering Command, Mid-Atlantic Division, Comprehensive Long-term Environmental Action, Navy
(CLEAN) 1000 Contract 62470-08-D-1000, Contract Task Order WE13. This FS report documents the analysis and
evaluation used to develop remedial action objectives (RAOs) and remedial alternatives to address potentially
unacceptable risk in soil at Site 1, Operable Unit 4 (OU-4), at the Allegany Ballistics Laboratory (ABL), in Rocket
Center, West Virginia. The activities described herein are part of the overall Installation Restoration Program for
ABL being implemented by the Navy, with regulatory oversight by the U.S. Environmental Protection Agency, and
the West Virginia Department of the Environmental Protection.

Site 1 is an 11-acre area situated adjacent to the North Branch Potomac River along the northern border of the
developed portion of Plant 1 at ABL. Site 1 has been used for various types of waste-burning and historical
disposal activities. Based on current and historical site activities, Site 1 has been divided in two geographical
divisions, the Active Burning Ground (ABG) and Outside Active Burning Ground (OABG). The ABG consists of
several historical disposal units within an 8-acre fenced parcel. The ABG is also is currently used for burning
reactive wastes and is operated under a Resource Conservation and Recovery Act (RCRA) permit (permit number
WV0170023691). Since Site 1’s inception in 1983, several environmental investigations have been conducted
there. Numerous soil, groundwater, surface water, and sediment samples have been collected and analyzed for a
variety of parameters to assess the site’s condition during these investigations. Because of its complexity, Site 1
has been investigated as two OUs: OU-3 for groundwater, surface water, and sediment and OU-4 for soil. A
Record of Decision was signed in May 1997 for OU-3 (CH2M HILL, 1997).

Risk assessments were conducted in 1995 to assess potential risks to human health and ecological receptors
associated with exposure to Site 1 soil. Supplemental investigations were implemented in 2001 and 2004 to
collect additional soil data necessary to adequately assess potential risks to human health and the environment
and to revise the original human health and ecological risk assessments for Site 1 soil, and to comply with current
regulatory guidance and protocol. Subsequently, in 2006, a focused Remedial Investigation was conducted to
evaluate the nature and extent of the soil contamination present at Site 1 and the potential risks that soil
contamination may pose to human and ecological receptors under residential and industrial scenarios

(CH2M HILL, 2006a). In 2007-2008, debris characterization was conducted to characterize and further define the
nature and extent of subsurface debris within the OABG (CH2M HILL, 2008a and 2008b). This work also included a
digital geophysical mapping survey and global positioning unit survey. In 2012, the Navy, in partnership with West
Virginia Department of the Environmental Protection and U.S. Environmental Protection Agency, developed the
site remediation goals and evaluated soils contamination across the ABG and OABG through comparing the

95 percent upper confidence limit of sitewide soil concentrations against the SRGs. The outcome of this
evaluation resulted in identification of areas targeted for remediation, hereinafter referred to as areas of concern
(AOCs). The boundaries of the AOCs were assumed for development and comparison of remedial alternatives
within the FS based on existing data for the site.

Following are the site-specific RAOs developed for Site 1 soil on the basis of the results of previous investigations
and risk assessments:

e Prevent or minimize direct contact with soil constituents of concern (COCs) at concentrations above background
that pose unacceptable risks to potential industrial workers, trespasser/visitor adolescents, construction
workers, residents, and ecological receptors

e Prevent or minimize overland migration of COCs at concentrations above background to the North Branch
Potomac River

e Prevent or minimize migration of COCs at concentrations above background from soil to groundwater, in order
to enhance the ability of the groundwater remedy to restore the aquifers to beneficial use
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e Render area free of surficial debris (including partially exposed debris) from within the boundaries of the OABG
e Control erosion and riverbank scour to prevent subsurface debris from becoming exposed

The potential future scenarios for hypothetical residential receptors were evaluated in the Remedial Investigation
but are not included in the remedial alternatives because the reasonably anticipated future land use for the site is
anticipated to be industrial, an active RCRA unit in the ABG, and the presence of a floodplain and extensive
subsurface debris in the OABG. Land-use restrictions will be addressed as part of the land use controls (LUCs)
within each remedial alternative. LUCs will be implemented to prevent unrestricted land use within the LUC area,
which is estimated to be the area contained within the Site 1 boundary.

The initial phase of remedial alternative evaluation was to identify the general response actions that were capable of
achieving the RAOs. A preliminary list of technically feasible remedial technologies and process options was then
developed based on the identified general response actions. These technologies and process options were further
screened according to cost, effectiveness, and implementability. The retained technologies were then assembled
into remedial alternatives. The information presented in this FS report will be used by the Navy and regulatory
agencies, with public involvement, to select a remedy for the site that complies with requirements set forth by the
National Oil and Hazardous Substances Contingency Plan (NCP).

The following remedial alternatives were identified for the ABG soil:

e Alternative 1—No Action: This alternative is required by NCP as a baseline. Alternative 1 involves no action
for the ABG.

e Alternative 2 — Excavation of AOCs, Offsite Disposal, LUCs, and LTMgt: This alternative involves excavation of
the areas comprising AOCs 1 through 6 within the ABG, backfill to original grade, offsite disposal, LUCs, and
long-term management (LTMgt). In addition, residual contamination left in place after the non-time-critical
removal action of Former Disposal Pit 1 and Former Disposal Pit 3 will be managed in the same manner as the
AQCs (excavation, backfill, offsite disposal, LUCs and LTMgt).

The following remedial alternatives were identified for the OABG soil:

e Alternative 1—No Action: This alternative is required by NCP as a baseline. Alternative 1 involves no action
for the OABG.

e Alternative 2—Removal of Surface Debris, Excavation of AOCs, Offsite Disposal, LUCs, and LTMgt: This
alternative involves removal of surficial debris, excavation of the areas comprising AOCs 1 through 11 within
the OABG as determined by the 95 percent UCL industrial scenario, anomaly avoidance, debris handling and
management, reconfiguration of the Western Drainage Ditch, offsite disposal, sustainable bank restoration,
LUCs, and LTMgt.

e Alternative 3 — Removal of Surface Debris, Excavation of AOCs, Ex Situ Treatment, Offsite Disposal, LUCs,
and LTMgt: This alternative comprises the same components as Alternative 2, with an additional component
of treatment via ex situ thermal desorption of waste soil deemed hazardous to levels deemed non-hazardous
before offsite disposal.

The alternatives were evaluated against the nine criteria defined in the NCP (Title 40 Code of Federal Regulations
Part 300). The criteria permit comparison of the relative performance of the alternatives and provide a means to
identify their advantages and disadvantages. The alternatives were also quantitatively evaluated in terms of
sustainability (Navy, 2009).
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SECTION 1

Introduction

This Feasibility Study (FS) report was prepared by CH2M HILL under the Department of the Navy (Navy), Naval
Facilities Engineering Command, Mid-Atlantic Division, Comprehensive Long-term Environmental Action, Navy
(CLEAN) 1000 Contract 62470-08-D-1000, Contract Task Order WE13 for soils at Site 1, Operable Unit (OU) 4, at
the Allegany Ballistics Laboratory (ABL), in Rocket Center, West Virginia. The activities described herein are part of
the overall Installation Restoration Program (IRP) for ABL being implemented by the Department of the Navy
(Navy), with regulatory oversight by the U.S. Environmental Protection Agency (EPA), and the West Virginia
Department of the Environmental Protection (WVDEP). Since Site 1's inception in 1983, several environmental
investigations have been conducted there. Because of its complexity, Site 1 has been investigated as two OUs:
OU-3 for groundwater, surface water, and sediment and OU-4 for soil. A Record of Decision (ROD) was signed in
May 1997 for OU-3 (Navy, 1997). The focus of this FS report is Site 1 soil (OU-4) and it was been developed in
accordance with the Navy’s IRP, Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) guidance (EPA, 1988), the National Oil and Hazardous Substance Pollution Contingency Plan (NCP;
Title 40 Code of Federal Regulations [CFR] Part 300 et seq.), and other relevant EPA guidance.

1.1 Objectives

Previous investigation data and the current understanding of the site conceptual model formulated the basis for
developing and comparing cost-effective remedial alternatives to address soil contamination at Site 1. The
remedial alternatives address remedial action objectives (RAOs) and risk associated with Site 1 soil. This FS report
includes a site-specific explanation of how each alternative satisfies the NCP selection criteria. It also documents
the analyses and evaluations used to develop each remedial alternative. The information presented herein will be
used by the Navy and regulatory agencies, with public involvement, to select the final remedy at Site 1 that
complies with the requirements of the NCP. Following completion of the FS, a preferred alternative that best
satisfies the RAOs will be presented in a Proposed Plan and will be submitted for public review and comment. The
resulting comments will be reviewed, and a remedy will be selected and formally documented in an ROD.

1.2 Report Organization

This FS report is composed of the following sections:
e Section 1—Introduction

e Section 2 — Background Information

e Section 3—Remedial Action Objectives, Applicable or Relevant and Appropriate Requirements, Site
Remediation Goals, and Areas of Concern

e Section 4—Screening of Remedial Technologies and Development of Remedial Alternatives
e Section 5—Descriptions and Detailed Analysis of Remedial Alternatives

e Section 6—Summary and Conclusions

e Section 7—References

Figures and tables referenced within the text are provided at the end of each section. Appendices are provided at
the end of the report.

ES111313233027WDC 1-1



SECTION 2

Background Information

2.1 Facility Location and History

ABL is in Mineral County, in the northeastern part of West Virginia, approximately 10 miles southwest of
Cumberland, Maryland, along the West Virginia and Maryland border. The facility lies between the North Branch
Potomac River to the north and west and Knobly Mountain to the south and east. Several small towns are near
the facility, including Short Gap, West Virginia, to the southeast, and Pinto, Maryland, to the north (Figure 2-1).
The land surrounding the ABL facility contains primarily rural residences, agricultural lands, and forest. Several
residences along US Route 220 in Maryland, % mile west of the facility in Maryland, obtain potable water from
private wells. Approximately three residences north of ABL across the North Branch Potomac River and several
residences south of ABL in West Virginia also obtain water from private wells. The latter are separated from the
facility by mountains.

ABL consists of approximately 1,634 acres of land and about 350 buildings. The facility is divided into two distinct
operating plants, Plant 1 and Plant 2 (Figure 2-1). Plant 1 is a government-owned, contractor-operated research,
development, and production facility. It is owned by the Navy and leased to its operator, ATK Tactical Systems
Company LLC, by the Naval Sea Systems Command through a Facilities Use Contract. Plant 1, approximately
1,577 acres in area, is divided into developed and undeveloped areas. Plant 2, exclusively owned and operated by
ATK Tactical Systems Company LLC, occupies the remaining 57 acres. In June 1993, EPA proposed the Plant 1
portion of the ABL facility for inclusion on the National Priorities List (NPL), based on its estimated potential risks
to human health and the environment. The Plant 1 portion of ABL was added to the NPL in the Federal Register,
Volume 59, Number 27989, on May 31, 1994. Plant 2 is not on the NPL and is not discussed further in this
document.

Since 1943, the ABL facility has been used primarily for research, development, testing, and production of solid
propellants and motors for ammunition, rockets, and armaments. The manufacturing of solid propellant rocket
motors can be summarized for purpose of this report into three basic steps: (1) production of rocket casings,

(2) mixing explosives (for example, nitroglycerin and nitrocellulose) to generate the solid propellant, and (3) filling
the rocket casings with the solid propellant. During this process, the four general waste types generated are spent
solvents, reactive or ordnance materials, inert or non-ordnance materials, and solid waste.

Solvents are used at ABL to degrease cases, mix propellants, clean mixing bowls used for making propellant, and
to clean molds and tools used in the overall process. Historically, the primary solvents used at ABL were acetone,
methylene chloride, trichloroethene (TCE), and 1,1,1-trichloroethane (1,1,1-TCA). Each of these solvents has been
used to varying degrees over the years. Acetone was the primary solvent used from 1942 until 1959. Although
acetone was used after 1959 and is still used today, TCE was the primary solvent from 1959 through the late
1970s. Reportedly, the use of TCE was reduced in the 1980s and with that reduction the use of 1,1,1-TCA
increased. Use of methylene chloride began in the late 1960s. Methylene chloride, TCE, and 1,1,1-TCA are no
longer used. Currently, acetone, pentane, and kerosene are the primary solvents used.

Reactive or ordnance waste generated at ABL is waste material that, because of its composition, may burn
violently or detonate. Typically, reactive wastes are excess or unused solid rocket propellants. Inert or non-
ordnance wastes are ignitable solid wastes, which may be contaminated with reactive materials. The inert wastes
are generated in areas where reactive propellant components are handled and, therefore, may or may not be
contaminated with reactive wastes. However, because the inert wastes may be contaminated with reactive
wastes, they are separated from ordinary solid waste and are burned in a manner similar to reactive ordnance
waste. The ordinary solid wastes are deemed not contaminated with reactive materials, and may include trash,
demolition debris, rocket casings, empty drums that once contained solvents, machinery waste, fiberglass, and
other resin-coated fibers.
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2.2 Background and Site Description

Site 1 is an 11-acre area situated adjacent to the North Branch Potomac River along the northern border of the
developed portion of Plant 1 at ABL. Since the early 1940s, Site 1 has been used for various types of waste-burning
and disposal activities. Based on current and historical site activities Site 1 has been divided in two geographical
divisions (Figure 2-2):

e Active Burning Ground (ABG) — The ABG consists of several historical disposal units within an 8-acre fenced
parcel, including three former disposal pits (FDPs) where disposal of spent acid and solvents occurred. The
ABG is currently used for burning reactive wastes (as defined above) operating under a Resource Conservation
and Recovery Act (RCRA) permit (permit number WV0170023691).

e Qutside Active Burning Ground (OABG) — The OABG consists of a 3-acre parcel outside of the fenced area that
was historically used for various waste disposal activities that occurred from the early 1960s until
approximately 1981. During this time period, the activities consisted of disposing of demolition debris, drums,
and rocket casings; as well as burning waste and spreading ash. The OABG is no longer in use and the area is
not included within the boundaries of the active RCRA permit.

Below is a summary of each of these areas, and each is discussed in more detail in the Site 1 Focused Remedial
Investigation (RI) report (CH2M HILL, 2006a).

2.2.1 Active Burning Ground

The ABG consists of several historical disposal units within an 8-acre parcel currently used for burning reactive
wastes and is regulated under a RCRA permit. An 8-foot-tall locked fence surrounds the area, which is mostly
covered by mowed grass. An asphalt road spans the east-west length of the fenced area. Although the ABG is
operating under a RCRA permit, it was agreed by the Navy and regulatory agencies in April 2009 that this area
potentially includes contamination attributed to historical waste burning; therefore, the ABG will be considered
for remedial action under CERCLA. A RCRA Part B permit (permit number WV0170023691) and treatment plant
air emissions RCRA Subpart X permit are in place for the continued operation of the ABG.

Burning reactive material at the ABG began in 1959 and continues today. Eight earthen burn pads, operated from
1959 until the mid-1990s, were used to burn solvents and explosive waste generated at ABL. These pads were
numbered 1 through 8, going from east to west (Figure 2-2). Pad 1 was a bunker for explosive wastes, and Pad 2
handled reactive wastes generated from the chemistry laboratory. Solid propellants were handled at Pads 3 and
4, and reactive solvents (for example, acetone contaminated with explosives, nitrate esters, nitroglycerin, and
glycerin triacetate) were burned at Pads 5 through 8. Reactive solvents were typically absorbed into sawdust
before burning (CH2M HILL, 1996). The former earthen burn pads are not currently used and have been
overgrown by vegetation. Six steel burn pans, which were located on earthen or asphalt burning pads, replaced
the eight former earthen burn pads (Figure 2-2). These have since been replaced by six large concrete burn pads,
labeled Pad A through Pad F, going from east to west.

Historical disposal of spent acids and solvents generated by plant operations occurred in three pits (FDP 1, FDP 2,
and FDP 3) constructed as unlined crushed-limestone-filled earthen pits. After the materials percolated into the
ground, it was reported that the pits were ignited to burn off remaining filtrate. The pits were operated during the
1970s and 1980s and have since been backfilled. Reportedly, TCE was the primary spent solvent that was disposed
in the pits, which are known to be a source of contamination to groundwater (CH2M HILL, 1996). TCE has been
detected at elevated concentrations in the unsaturated soil beneath FDPs 1 and 3. FDP 2 does not contain
detectable chlorinated solvents and is not considered a source of contamination to groundwater. The size and
location of the FDPs are based upon historical boundaries using visual observation of ground scarring, as well as a
geophysical investigation of the pit areas (Roy F. Weston, 1987). The pits are located in the southwestern portion
of the ABG and are described as being approximately 10 feet wide and ranging in length from approximately 15 to
40 feet (Figure 2-2). The depths of the pits were estimated at 3 to 5 feet below ground surface (bgs). A non-time
critical removal action (NTCRA) has been initiated (AGVIQ-CH2MHILL, 2013a) to address potential sources of
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groundwater contamination in the unsaturated soil at FDPs 1 and 3 in accordance with the Engineering Evaluation
and Cost Analysis (EE/CA) and Action Memorandum (CH2M HILL, 2012a and 2012b).

2.2.2 Outside Active Burning Ground

The OABG was historically used for various waste disposal activities. Based on historical activities, the OABG has
been divided into the following areas, as shown on Figure 2-2:

e West OABG - The West OABG, also known as the Former Open Burn Area and Associated Disposal Area, is
along the river in the northwest part of Site 1. It consists of the former open burn area, former drum storage
pad, and western drainage ditch. The former open burn area, reportedly operated during the 1960s, was
enclosed behind a chain link fence where the solid wastes were burned. The resulting ash was spread along
the lower floodplain area in a portion of the West OABG. The drum storage pad, reportedly operated from
1979 to 1981, stored 55-gallon drums containing spent solvents and bottom sludge from solvent recovery
stills. The asphalt drum storage pad did not have berms or sumps for containment. The asphalt pad is still
present although it is not currently used to store drums. The western drainage ditch is an earthen drainage
culvert that cuts through the disposal area and drains surface/stormwater from Plant 1. Debris materials,
including ash buried during successive disposal events, are exposed in the walls of this culvert. Surface and
subsurface debris is present throughout the West OABG. The area is currently covered by vegetation.

e East OABG — The East OABG, also known as the Former Inert Burn Area and associated disposal area, is along
the river in the northeastern portion of the site. Ash from burning in this area was spread and buried during
successive disposal events. Surface and subsurface debris are present throughout the East OABG. The area is
currently covered by vegetation.

e Central OABG — The Central OABG lies along the river between the West OABG and East OABG. This area
showed no evidence of debris or disposal activities through visual observation or subsurface soil sampling.

2.3 Site Characteristics

This section summarizes the geologic and hydrogeologic characteristics of Site 1. Detailed discussions on these
subjects are presented in the focused Rl report (CH2M HILL, 2006a).

2.3.1 Geology and Hydrogeology

The Site 1 geology and hydrogeology have been characterized during previous investigations, through literature
research, and by a number of project-specific field activities. The field activities have consisted of drilling, soil
sampling, rock coring, geophysical logging, downhole video recording, seismic refraction, seismic reflection,
fracture trace analysis, water-level measurements, and aquifer testing. The Site 1 geology and hydrogeology are
briefly summarized herein; detailed descriptions are presented in the following reports:

e Remedial Investigation of the Allegany Ballistics Laboratory (CH2M HILL, 1996)

e Focused Remedial Investigation of Site 1 at Allegany Ballistics Laboratory Superfund Site (CH2M HILL, 1995a)
e Final Phase | Aquifer Testing at Allegany Ballistics Laboratory Superfund Site (CH2M HILL, 1998a)

e Final Phase Il Aquifer Testing at Site 1 at Allegany Ballistics Laboratory Superfund Site (CH2M HILL, 1999)

Generally, Site 1 is underlain by two distinct lithologies: (1) unconsolidated alluvial deposits of clay, silt, sand, and
gravel; and (2) predominantly shale bedrock. Drilling efforts at Site 1 indicated that the unconsolidated alluvial
deposits overlying bedrock generally consist of two distinct layers of material. The upper, or surficial, layer of
alluvium consists of silty clay and is considered floodplain deposits of the North Branch Potomac River. At Site 1,
this upper alluvial layer extends from the ground surface to an average depth of approximately 12 feet bgs. The
lower layer of the alluvium consists of a sand and gravel layer containing pebbles and cobbles with variable but
typically significant amounts of clay and silt, and is considered to be alluvial deposits of the North Branch Potomac
River. At Site 1, this lower alluvial layer has an average thickness of approximately 14.5 feet. Below the alluvium
lies bedrock consisting of mainly calcareous shale and limestone of Silurian age. The average depth to bedrock at
Site 1 is approximately 26.5 feet bgs.
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Water-level measurements taken in alluvial monitoring wells indicate the average depth to groundwater in the
vicinity of the FDPs is 10 to 12 feet bgs, corresponding to the upper alluvium layer. Therefore, the sand and gravel
alluvium constitutes the shallow, unconsolidated aquifer at the site. Recharge to this aquifer is believed to be
derived primarily from infiltration of precipitation that falls on Plant 1. Depth to groundwater in the bedrock
aquifer is approximately 20 feet bgs. As discussed in the previous reports, there is a high degree of
interconnectivity between the alluvial and bedrock aquifer. Within the alluvial and bedrock aquifers, natural
groundwater flow is toward the North Branch Potomac River, which is believed to be its ultimate discharge point.
However, since the beginning of the Site 1 groundwater remediation, groundwater under most of Site 1 is
captured for treatment and does not reach the river.

Cross sections were developed for Site 1 using information from previous investigations, including monitoring well
and extraction well installation, groundwater measurements, and test pits conducted during the debris
characterization. Figure 2-3 shows a plan view of two cross sectional areas (A-A’, B-B’, C-C’, and D-D’) at Site 1,
and Figure 2-4, Figure 2-5, and Figure 2-6 show cross sections of the underlying geology of Site 1 at these
locations.

2.4 Previous Investigations

Several investigations and evaluations have been conducted at Site 1. Below is a chronological description of each.
Soil sample locations for the ABG and OABG are shown on Figures 2-7 and 2-8, respectively.

2.4.1 Initial Assessment Study (1983)

An Initial Assessment Study (IAS) was performed at ABL in 1983 under the Navy Assessment and Control of
Installation Pollutants Program (NACIP). The purpose of the IAS was to identify and assess sites that might pose a
threat to human health or the environment as a result of the former hazardous materials handling and operations
(Environmental Science and Engineering, Inc., 1983). Nine potentially contaminated sites, including Site 1, were
identified based on information obtained from historical records, photographs, site inspections, and personnel
interviews. The IAS concluded that these sites did not pose an immediate threat. However, results of the IAS
indicated the need for a confirmation study (CS) at seven of the nine sites, including Site 1, to assess the potential
impacts on human health and the environment by suspected contaminants.

2.4.2 Confirmation Study (1987)

Based on the IAS recommendations and in accordance with the NACIP, a CS was initiated in June 1984 and
completed in August 1987. The CS focused on identifying the existence, concentration, and extent of
contamination at the seven sites recommended for further investigation in the IAS. Field activities conducted
under the CS included monitoring well installation; groundwater, surface water, sediment, and soil gas sample
collection and analysis; and a geophysical survey inside the ABG area at Site 1.

2.4.3 Interim Remedial Investigation (1989)

As a result of the Superfund Amendments and Reauthorization Act of 1986 (SARA), the Navy changed its NACIP
terminology and scope under the IRP to follow the rules, regulations, guidelines, and criteria established by EPA
for the Superfund program. Accordingly, the results of the CS were documented in the Interim Rl report (Roy F.
Weston, 1989), which recommended further Rl activities for six of the seven sites identified in the IAS, including
Site 1.

244 Remedial Investigation (1996)

Based on the recommendations of the Interim Rl report and in accordance with the Navy’s modified IRP policy,
Hercules (former ABL operator) contracted CH2M HILL to conduct an RI (CH2M HILL, 1996). Field work was
completed in 1992; however, the Rl report was not finalized until 1996. The Rl followed EPA’s RI/FS format under
CERCLA, as described in Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA
(EPA, 1988).

During the RI, historical aerial photographs were reviewed to identify the type and location of potential waste
disposal activities at Site 1 and other sites. A focused facility audit was also conducted to identify possible sources
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of contamination. A variety of analytical methods and techniques were employed during the RI. Field activities
consisted of installation of monitoring wells, soil sampling, groundwater sampling, surface water and sediment
sampling, well testing, a fracture-orientation investigation, and water level measurements.

The results of the 1992 Rl are presented in the Remedial Investigation of the Allegany Ballistics Laboratory report
(CH2M HILL, 1996). Volatile organic compounds (VOCs), particularly TCE, were the primary constituents detected
in soil, groundwater (in both alluvial and bedrock aquifers), surface water, and sediment samples collected at and
adjacent to Site 1. The three FDPs were found to be the primary source of VOC contamination at Site 1.
Semivolatile organic compounds (SVOCs), explosives, metals, and dioxins also were detected in soil and ash
samples. The 1996 Rl report recommended additional investigation at Site 1 to further evaluate the nature and
extent of contamination in soil, groundwater, surface water, and sediment.

2.4.5 Focused Remedial Investigation (1995)

A focused RI was conducted in 1994 to supplement the Site 1 data collected in 1992 for the 1996 Rl and to re-
evaluate potential risks to human health and the environment from contaminants in Site 1 media. The results are
presented in the Focused Remedial Investigation of Site 1 at Allegany Ballistics Laboratory Superfund Site report
(CH2M HILL, 1995a). The results of the focused Rl confirmed that VOCs were the primary contaminants detected
in Site 1 media, with TCE detected most often and at the greatest concentrations in soil and groundwater.

The focused Rl identified specific areas and media at Site 1 where remedial action alternatives should be
evaluated in a focused FS. These were the areas of contaminated soil around the FDPs, north of the east and west
ends of the ABG area along the river, and in the open and former inert burn disposal areas; contaminated
groundwater in both alluvial and bedrock aquifers; and contaminated surface water and sediment in the North
Branch Potomac River adjacent to Site 1.

2.4.6 Focused Feasibility Study (1995)

A focused FS was conducted in 1995 to evaluate remedial alternatives to address risks associated with
contamination detected at Site 1. The draft report summarized the focused Rl and that information was used as a
basis for developing and evaluating cost-effective remedial alternatives to address contamination at Site 1. The
study developed seven remedial alternatives to address both soil and groundwater contamination across the site,
which are documented in the Draft Site 1 Focused Feasibility Study at Allegany Ballistics Laboratory Superfund Site
report (CH2M HILL, 1995b). The document was never finalized.

2.4.7 Soil Level Delineation (1998)

Based on soil data gathered during the focused Rl and previous investigations, supplemental soil sampling was
conducted in October 1998 to further delineate potentially contaminated areas at Site 1. The soil level delineation
was conducted in accordance with the Site 1 Soil Level Delineation — Final memorandum (CH2M HILL, 1998b),
which defined the scope and rationale for sample collection and referenced the Sampling and Analysis Plan for
the Focused Remedial Investigation/Feasibility Study for Site 1 at the Allegany Ballistics Laboratory Superfund Site
(CH2M HILL, 1994) as the methodology protocol. A formal report of the supplemental soil sampling was not
generated; however, these and other historical data were evaluated to assess whether sufficient information
existed to establish preliminary remediation goals (PRGs) for Site 1 soil. This evaluation resulted in the
identification of additional data requirements and the need to refine the human health and ecological risk
assessments in accordance with current regulatory guidance.

2.4.8 Soils Supplemental Investigations (2004)

The results of the 1992 RI, 1994 focused RI, 1995 focused FS, and the 1998 soil level delineation indicated that
additional data needed to be collected to adequately delineate the nature and extent of soil contamination at Site
1 and to assess the associated potential risks. Details regarding the supplemental investigations can be found in
Draft Ecological Risk Assessment for the Burning Grounds at Allegany Ballistics Laboratory (CH2M HILL, 2002) and
the Final Work Plan Addendum for Supplemental Investigation of Site 1 Soil in Support of Human Health and
Ecological Risk Assessment, Allegany Ballistics Laboratory, Rocket Center, West Virginia (CH2M HILL, 2004a).
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In February and October 2001, a soil investigation was conducted to assess current conditions of soil within the
ABG to support its continuing operation. The objectives of collecting the data were to assess potential risk to
human health and the environment resulting from operation of the ABG, develop the ABG RCRA closure plan,
assist in defining operational-related monitoring, provide input to pan/pad redesign activities, and to provide the
baseline for an assessment of compliance with the permits. In addition, based on a review of existing soil data,
including the proximity of areas of potential soil contamination to the North Branch Potomac River, collection of
additional data was deemed necessary, primarily to assess whether soil constituents in areas of suspected
contamination were affecting the surface water and sediment quality of the river via runoff.

In July 2004, soil and tissue sampling (earthworms) was conducted to support Step 4 of the baseline ecological risk
assessment (ERA). In September 2004, a supplemental investigation of the soil at Site 1 in support of both the
human health and ecological risk assessments was conducted to obtain additional nature and extent data and
adequately assess potential human and ecological risks for Site 1 soil.

249 Soils Focused Remedial Investigation (2006)

In 2006, a second focused Rl was completed for Site 1 to evaluate the nature and extent of the soil contamination
at the site and the potential risks that soil contamination may pose to human receptors under residential and
industrial scenarios and to ecological receptors (CH2M HILL, 2006a). The discussions and assessment were based
on data collected as part of the 2001 and 2004 supplemental investigations, as well as data from previous
investigations.

The 2006 focused Rl identified potential unacceptable risks to human health and the environment based on
exposure to OABG soil and debris. Based on the results of the risk assessments, it was recommended that an FS
be prepared to evaluate the remedial alternatives proposed to address the potential risks identified for soil within
the FDPs and the OABG areas at Site 1. Because active burn operations were in progress operating under a RCRA
permit, the Navy, in partnership with WVDEP and EPA, agreed the ABG, excluding the FDPs, would not be included
in the CERCLA action at this time.1

2.4.10 Wetland Assessment (2006)

A field review of Site 1 was conducted in order to determine whether wetlands or water bodies are present within
the area (CH2M HILL, 2006b). No wetlands were identified within the Site 1 study area, which consists of the ABG
and OABG. The North Branch Potomac River, which borders Site 1 to the north, was mapped as a permanent,
lower perennial, unconsolidated bottom, slow moving river. Another wetland area was identified to the east of
Site 1, but was outside of the study area. This small wetland was mapped as a seasonally flooded, broad-leaved
deciduous, forested wetland.

2.4.11 OABG Geophysical and Global Positioning System Survey (2008)

Geophysical and global positioning system surveys were performed in May 2007 in support of the debris
characterization to assist in the selection of the test pit locations. Survey results showed that the western and
eastern regions of the OABG demonstrated the highest response to the geophysical instrumentation, indicating
the location of metallic debris on the surface or in the subsurface within those areas. In contrast, the central
region of the site showed little to no response. Detailed description of both surveys can be found in the final Work
Plan (CH2M HILL, 2008a).

Although the ABG is operating under a RCRA permit, it was agreed by the Navy and regulatory agencies in April 2009 that this area includes contamination
attributed to historical waste burning; therefore these portions of the ABG will be considered for remedial action under the Comprehensive
Environmental Response, Compensation, and Liability Act. The OABG consists of a 3-acre parcel outside of the fenced area that was historically used for
various waste disposal activities that no longer occur. The OABG is not included in the active burning activities or the RCRA permit. The remedial
alternatives for both the OABG and ABG, which are developed and evaluated within the FS and selected within the Proposed Remedial Action Plan and
Record of Decision, will be the final action under the Comprehensive Environmental Response, Compensation, and Liability Act. However, for the ABG, the
selected remedial alternative is not intended to be the final action under RCRA. The RCRA closure requirements, as outlined in the RCRA Subpart X permit,
will be met upon closure of the RCRA unit.
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2.4.12 OABG Limited Surface Debris Removal (2008)

In February and March 2008, Shaw Environmental, Inc. conducted a limited surface debris removal in preparation
for the debris characterization (Shaw Environmental, Inc., 2008). Work was conducted under an approved
Explosive Safety Submission (ESS) waiver and included unexploded ordnance (UXO) avoidance. Small shrubs and
trees were cleared, and surface piles of construction and manufacturing debris were removed from the OABG
areas where test pitting was to take place. Surface debris removed from the site was contained in portable roll-off
boxes and sent offsite for proper disposal, with the exception of rocket casings containing asbestos material,
which were removed and disposed by a licensed asbestos abatement contractor.

Currently, surface debris (surficial and partially buried) remains throughout the OABG, Western Drainage Ditch,
and bank of the North Branch Potomac River. This debris includes piles of construction and manufacturing debris,
some of which is intertwined with vegetation along the river bank. Furthermore, asbestos-containing ballistic
rocket casings are present at the surface within the OABG.

2.4.13 OABG Debris Characterization (2008)

Following the limited surface debris removal, debris characterization was conducted in March and April 2008
(CH2M HILL, 2008b). Work was conducted under an approved ESS waiver and included UXO avoidance. Debris
characterization was conducted to further define the nature and extent of subsurface debris within the West
OABG, Central OABG, and East OABG. The objectives of the debris characterization were to further define the
vertical and horizontal extent of debris within the OABG, identify the general composition of debris and foreign
material present on the surface and in the subsurface soil, and determine if the debris and foreign material in the
subsurface had contaminated the underlying soil.

Forty-nine exploratory test pits were excavated to a depth of 10 feet or until groundwater was encountered and
then backfilled. Each test pit location was chosen based on information obtained during the geophysical survey,
review of historical aerial photographs, and field observations such as irregular topography and exposed debris. In
locations where potential asbestos-containing materials were observed, such as rocket casings or various
construction materials, the test pit was either shifted to avoid disturbance or discontinued.

The bulk of the surface and subsurface debris was shown to be buried in the West and East areas of the OABG;
the Central area showed no surface or subsurface debris based on visual observations and test pits completed in
this area. Twenty-seven test pits were excavated in the West OABG and indicated the presence of burn debris,
construction debris, and manufacturing debris, as described below. The presence of burn debris within the area
was more common around the Former Open Burn Area (Figure 2-2). Eight test pits were excavated in the Central
OABG and indicated the presence of only native soil. Fourteen test pits were excavated in the East OABG and
indicated the presence of burn debris, construction debris, and manufacturing debris, as described below. The
presence of burn debris within the area was focused around the approximate Former Inert Burn Area (Figure 2-2).
Figure 2-9, Figure 2-10, and Figure 2-11 provide estimations of the vertical and horizontal extent of surface and
subsurface debris (delineated using contours), as well as the type of debris encountered at each test pit location
(identified by color-coded test pits).

Subsurface debris in the West OABG (Figure 2-9) is estimated to be buried as deep as 12 feet bgs along the
riverfront and to depths as shallow as 3 feet bgs in areas south of the OABG fence line. This 12-foot depth was
determined by visual observation of debris along the river embankment and surface contours that show the drop
in elevation to the river elevation. The Central OABG (Figure 2-10) contained no surface or subsurface debris,
based on the visual observations and test pits completed in this region. Subsurface debris in the East OABG
(Figure 2-11) is estimated to be buried to an average depth of 9 feet bgs, with some locations buried as deep as
12 feet bgs and some as shallow as 6 feet bgs. Although test pits were excavated to a depth of 10 feet bgs, visual
evidence in the bottom of test pits TP-30, TP-37, and TP-38 in the East OABG showed that debris extends beyond
this depth and possibly to a depth of 12 feet bgs. In addition to the debris characterization, aerial photographs of
ABL from 1962 and 1972 were analyzed to determine the extent of debris inside the fence line at Site 1. The
photographs indicated that debris may be present up to 150 feet south of the West OABG fence line and up to
100 feet east of the Site 1 boundary.
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Based on the composition of the material observed in the test pits during the 2008 OABG debris characterization,
the subsurface debris was characterized as follows:

e Burn Debris/Ash — Fill material with contents that appears to be associated with burning disposal activities
such as ash, glass, and other partially burned materials.

e Construction Debris — Fill material that appears to be associated with construction activities such as concrete,
rubble, rebar, wood, tires, cables, and other metallic objects.

e Manufacturing Debris — Fill material that appears to be associated with production and manufacturing
activities at the facility such as rocket boosters, casings, ventures, thrust vectors, 55-gallon drums, motors,
tanks, and piping.

e Native Soil — Material that appears to be undisturbed or visually free of contamination or unnatural debris.

In addition to the debris characterization, samples were collected from 38 test pit locations. Each was analyzed for
VOCs, SVOCs, and metals. A portion was analyzed for dioxins and explosives. The results indicated that the
detected constituents in the subsurface soil matched the constituents of concern (COCs) presented in the 2006
focused RI. In general, there does not appear to be an association between elevated detections of TCE, the
primary risk driver, and presence of subsurface debris in the West OABG. The highest concentrations of TCE were
associated with test pits containing burn debris/ash (TP-05), manufacturing debris (TP-14), and native soil (TP-13
and TP-15). In addition, there were seven test pits in the West OABG that did not have detections of TCE. These
test pits were associated with burn debris ash (TP-04), construction debris (TP-07 and TP-08), and native soil
(TP-01, TP-02, TP-03, and TP-31). In general, there appears to be an association between elevated detections of
TCE, the primary risk driver, and presence of subsurface debris in the East OABG. The highest concentrations of
TCE were associated with the test pits containing burn debris/ash (TP-28, TP-29, and TP-36) and are likely
associated with the former inert burn disposal area. TCE was detected in all test pits within the East OABG.

2.4.14 Membrane Interface Probe and FLUTe™ Liner Investigation (2010)

A membrane interface probe (MIP) and Flexible Liner Underground Technologies, LLC (FLUTe™) liner study was
completed at the location of the FDPs at Site 1 between December 2009 and March 2010 (CH2M HILL, 2010). The
objective of the investigation was to determine if dense non-aqueous phase liquid (DNAPL) was present in the
unsaturated zone (ground surface to approximately 15 feet bgs). The MIP was conducted at 55 locations. Twenty-
one of the 55 locations had an MIP response, indicating that further investigation with the FLUTe™ liners was
warranted to confirm the presence or absence of DNAPL. The FLUTe™ liner investigation was conducted during a
second mobilization to the site. Twenty-one FLUTe™ liners were emplaced in the vadose zone and shallow aquifer
to a maximum depth of 13.5 feet bgs. None of the FLUTe™ liners indicated the presence of DNAPLs in the vadose
zone.

2.4.15 Engineering Evaluation and Cost Analysis and Action Memorandum (2012)

An EE/CA was prepared to evaluate removal action alternatives to conduct an NTCRA of the unsaturated soil
beneath FDPs 1 and 3 within the ABG, which are believed to be primary sources of contamination to groundwater
(CH2M HILL, 2012a). The objective is to reduce the source present in the unsaturated soil beneath FDPs 1 and 3, in
order to enhance the ability of the groundwater remedy to restore the aquifers to beneficial use.

An Action Memorandum was prepared to document the selection and approval of the NTCRA to address source
area soil beneath FDPs 1 and 3 at Site 1 (CH2M HILL, 2012b). The preferred alternative consists of the excavation,
removal, and disposal of the VOC source area in the unsaturated soils beneath FDPs 1 and 3. The excavation will
then be replaced with clean fill and seeded to restore current site conditions.

The NTCRA is intended to supplement the final remedy for Site 1 soil and augment the existing groundwater
treatment system by reducing the potential contaminant source mass and prevent future leaching to
groundwater.
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2.4.16 Investigation of Former Disposal Pit 1 (2013)

An investigation was completed at FDP 1 to supplement the ongoing post-ROD optimization efforts associated
with the existing groundwater extraction and treatment system (AGVIQ/CH2M HILL, 2013b). The investigation
was divided into two phases, Phase | was completed in January 2011 and Phase |l was completed in April 2012.
Phase | (Focused Extraction Optimization at FDP 1) consisted of employing the existing groundwater model for
ABL to estimate the additional groundwater extraction flow rate required to enhance hydraulic capture of TCE
contamination within the alluvial aquifer at the FDP 1 area. The results of Phase | are presented in the Final
Sampling and Analysis Plan, Site 1 Former Disposal Pit 1 Investigation (AGVIQ-CH2M HILL, 2012) and were used as
the basis for data collection efforts conducted in Phase Il. Phase Il consisted of the collection of soil and
groundwater data from the FDP 1 alluvial aquifer to refine the conceptual site model and perform in situ chemical
oxidation bench-scale testing. Investigation activities consisted of a subsurface soil investigation, hydraulic
investigation, groundwater sampling, and in situ chemical oxidation bench-scale testing. The results of Phase Il are
presented in the Draft Final Technical Memorandum for Site 1 — Former Disposal Pit Investigation Results
Summary (AGVIQ-CH2M HILL, 2013b).

2.4.17 Work Plan for Non-Time Critical Removal Action of FDP1 and FDP3
(2013)

A work plan was prepared to outline the implementation procedures to be used to conduct an NTCRA consisting
of excavation and proper offsite disposal of potentially hazardous and non-hazardous soil associated with the

FDP 1 and FDP 3 within the ABG (AGVIQ-CH2M HILL, 2013a). The work plan was developed in conjunction with the
EE/CA (CH2M HILL, 2012a), Action Memorandum (CH2M HILL, 2012b), and investigation of FDP 1 (AGVIQ-

CH2M HILL, 2013b). The tentative date for mobilization is September 2013.

2.5 Summary of Site Risk

A quantitative human health risk assessment (HHRA) and ERA were conducted during the focused Rl for soil

within the ABG and OABG (CH2M HILL, 2006a). In addition, an evaluation of the potential for constituents to leach
from soil to groundwater at levels posing a potentially unacceptable risk was completed for Site 1 soils. Results
have been documented in the Revised Final Technical Memorandum Site Remediation Goal Selection Process and
Evaluation of Target Remediation Areas in Soil at Site 1, Allegany Ballistics Laboratory Rocket Center, West Virginia
(CH2M HILL, 2013), which can be found in Appendix A. Data collected between 1992 and 2004 were included in
the risk assessments and soil-to-groundwater evaluation.

The ABG, excluding the FDPs, was not included in the CERCLA action at the time of the focused RI, and the HHRA
did not evaluate the potential future resident scenario for the ABG. It was agreed by the Navy and regulatory
agencies in April 2009 that the ABG contains contamination attributed to historical waste burning; therefore the
ABG was added to the Site 1 remedial action. In addition, the human health and ecological risks were re-evaluated
based on the most current toxicity criteria dated November 2012. The update included the addition of
perchlorate, an emerging contaminant that is in the process of being regulated under the Safe Drinking Water Act
(EPA, 2012).

2.5.1 Human Health Risk Assessment

The baseline HHRA was conducted to evaluate the potential human health risks associated with surface soil and
combined soil (surface and subsurface soil) at the ABG, FDPs (addressed separately from the ABG in the Rl), and
OABG. Potential risks were calculated for current/future industrial worker, adolescent trespasser/visitor, adult
recreational person, and adolescent recreational person, as well as for future adult resident, child resident,
lifetime resident, and construction worker.

COCs were selected as those chemicals contributing individual cancer risks above 10 to total cancer risks for a
potential human receptor that were above 10%, or contributing individual non-carcinogenic hazards above 0.1 to
total hazard indices for a potential receptor above 1.0. No unacceptable risks associated with exposure to surface
soil were identified under the current exposure scenarios. The only unacceptable risk was associated with

ES111313233027WDC 2-9



OPERABLE UNIT 4, SITE 1 (OU-4) SOIL FEASIBILITY STUDY

exposure to combined soil by future residents. A summary of site risks associated with each receptor scenario is
provided in Table 2-1.

2.5.2 Ecological Risk Assessment

The baseline ERA was conducted to evaluate the potential e